A flower-shaped hydrated layered sodium titanate material, Na 2 Ti 2 O 4 (OH) 2 , have been synthesized through a facile hydrothermal method and subsequently converted into sodium free titania (anatase). Potential application of the Na 2 Ti 2 O 4 (OH) 2 as an electrode for supercapacitors under pseudo-capacitance storage mode is evaluated. The Na 2 Ti 2 O 4 (OH) 2 showed sixfold higher specific capacitance (C S ∼ 300 F g −1 ) in an aqueous electrolyte than the anatase and demonstrated stable electrochemical cycling. This high C S is originated from a combination of electrochemical double layer and pseudo-capacitance storage mechanisms. The presence of hydrated layered within some loose interlayer plays an important role in assisting the diffusion process of ions as confirmed in electrical impedance spectroscopy analysis.
Introduction
A fast-growing market of portable electronic devices and hybrid electric vehicles (HEVs) is motivating intensive search for electrical energy storage devices characterized by high energy density (≥5 Wh kg −1 ) and power density (≥10 kW kg −1 ) [1] [2] [3] . Supercapacitors, in which the charge storage results from an electrical double layer as well as an electrochemical reaction, represent a unique class of technology with niche applications. Supercapacitors have much larger specific capacitance (×20-200) and energy storage density (×100) than conventional capacitors and deliver energy at a higher rate (×10 3 ) and stable cycle life (>10 5 ) than conventional batteries [1] [2] [3] . However, their applications are restricted by their limited energy density compared to that of lithium ion batteries. Supercapacitors store electrical energy via accumulation of electric charges at an electrical double layer (EDLC) formed at an interface between a polarizable electrode and an electrolyte. No electron transfer takes place across the electrode interface during its operation; and therefore, this charge storage process is non-Faradaic. Other than non-Faradaic charge storage process, there is Faradaic charge storage process in supercapacitors which involves a redox * Corresponding author. Tel.: +60 9 5492451; fax: +60 9 5492766. E-mail addresses: rjose@ump.edu.my, joserajan@gmail.com (R. Jose). reaction at the electrode surface, termed pseudo-capacitance. Integration of both storage mechanisms into a single device yields higher energy storage capability [4] [5] [6] [7] [8] . Carbon structures such as activated carbon and carbon nanotubes are commercial choices to build supercapacitors [9, 10] . Recently, ceramic nanostructures [11] [12] [13] [14] and conducting polymers [15] [16] [17] are gaining interest as electrode materials in supercapacitors because the pseudocapacitance also contributes to the energy storability in addition to the double layer capacitance.
Significant efforts are devoted to designing nanostructured ceramic electrode materials with high surface area and short diffusion paths for supercapacitor applications, a brief account of which are available in recent reviews [1] [2] [3] 11] . Three dimensional such as flowers and mesoporous structures could possibly contribute to specific capacitance because of the opportunities for improved electrode-electrolyte interaction due to efficient penetration of electrolytes into the entire electrode matrix [18] [19] [20] [21] [22] . Of particular interests are materials with layered structures due to their unique structural and electrical properties [20, 21, 23] .
Alkali titanates are a series of compounds with the formula A 2 Ti n O 2n+1 (A = Li, K, Na), characterized by large specific surface area as well as unique layered (3 < n < 5) and tunnel (6 ≤ n ≤ 8) crystalline structures [24] [25] [26] [27] [28] . These titanates could potentially be candidates as electrode materials in supercapacitors for a number of reasons including (i) layered morphology can accommodate the charges and allow them to diffuse only a short distance to reach the interlayer position; (ii) alkali ions existing in the interlayer space between the titanate layers carry negative charges and can be exchanged with other cations; and (iii) are able to tolerate structure strain caused by the intercalation process of ions due to the layered structure thereby improving the cycle stability [29] . Several syntheses procedures are reported for alkali titanates to produce diverse morphologies such as nanotubes and nanowires [30] [31] [32] [33] . Typically, hydrothermal treatment of titanium precursors in highly alkaline media (e.g., NaOH and KOH) is a viable method to prepare them [33] . Nanotubes and nanorods of sodium titanates prepared via the hydrothermal route using NaOH are shown to have desirable electrochemical performance for energy storage devices such as sodium-ion batteries [29] . To the best of our knowledge, there are only a few reports on the synthesis of sodium titanate with nanoflowers structure such as electrochemical spark discharge spallation (ESDP) [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] and hydrothermal routes [36] . Although a template-free synthetic route, the ESDP has limitations on mass production. On the other hand, hydrothermal route is scalable and diverse morphologies could be produced by controlling the chemistry of the precursor solution.
Herein, we report a template-free and cost-effective method to synthesize layered sodium titanate hydrate with flower-like morphology facilely. The sodium titanate flowers thus synthesized showed an order of magnitude higher energy storage capacity compared to that of the TiO 2 nanoflowers obtained through a similar procedure. We have shown that water of crystallization and the cation (Na + ) residing between the edge-shared TiO 6 octahedral that stabilizes the layered sodium titanate hydrate structure contribute to its enhanced electrochemical performance.
Experimental procedures

Materials synthesis
Analytical reagent grade NaOH (R&M Chemicals, India), titanium tetra isopropoxide (TTIP) (Acros Organic, Germany) and methanol were the starting materials. Sodium titanate nanoflowers (STNFs) were synthesized via hydrothermal reaction between NaOH and a mixture of TTIP and methanol. In a typical synthesis, methanol (50 ml) was added to TTIP (3.0 g) and then heated up to ∼67 • C with stirring. The above solution was hydrolyzed using distilled water (0.72 g) and subsequently heated for 30 min. Upon completion of the hydrolysis, NaOH (20 ml, 5 wt%) solution was added to the mixture which was then transferred to a Teflon-lined autoclave. The hydrothermal reaction was carried out at 80 • C (STNF80C) and 120 • C (STNF120C) for 24 h. Upon completion of the hydrothermal reaction, the precipitate was filtered and washed with distilled water until pH ∼9-10 was attained. For Na free TiO 2 , the STNF80C and the STNF120C samples were washed with 0.1 M HCl followed by distilled water until pH ∼4 was obtained and subsequently dried at 70 • C for 1 h. The dried sample powder was then calcined at 500 • C for 3 h.
Materials characterization
The crystal structure of the material was studied by X-ray diffraction (XRD) technique using the Rigaku Miniflex II X-ray diffractometer employing Cu K␣ radiation ( = 1.5406Å). The particulate properties of the materials were studied by gas-adsorption technique (Micromeritics, Model ASAP2020, USA). Morphology and microstructure of the materials were studied by scanning and transmission electron microscopic techniques. The shape and size of the samples were obtained using a field emission scanning electron microscope (FESEM, LEO 1525, ZWL, Germany). Crystal structural details of the new materials were obtained from transmission electron microscopy (TEM) was carried out with Tecnai 20 (FEI, USA) operating at 200 kV accelerated voltage.
Device fabrication and testing
For electrochemical evaluation, a working electrode was prepared by mixing the active material with polyvinylidene fluoride (PVDF) (Sigma-Aldrich, USA) and carbon black (Super P conductive, Alfa Aesar, UK) in a mass ratio of 85:5:10 and was stirred in N-methyl-2-pyrrolidinone to achieve a homogeneous mixture. The resulting slurry was then pasted on a nickel foam substrate (current collector) and the electrode was dried at 70 • C for 12 h. The dried electrode was then pressed using a pelletizer at 5 ton. A three electrode system was used to evaluate the electrochemical performance by cyclic voltammetry (CV) using a potentiostat (Autolab PGSTAT 30, Eco Chemie B.V., The Netherlands) employing NOVA 1.9 software in 1 M KOH aqueous electrolyte at room temperature. A platinum rod and a saturated Ag/AgCl electrode were used as the counter and the reference electrodes, respectively. The supercapacitive performances of the samples were evaluated from the galvanostatic charge-discharge curves in the potential range of 0-0.5 V at different current densities (1, 3, 5, 7 and 10 A g −1 ) in 1 M KOH electrolyte. Galvanostatic cycling stability experiments were performed in the potential range of 0-0.5 V at current density 3 A g −1 in 1 M KOH solution for 1000 cycles. The kinetics at the electrode were studied using electrochemical impedance spectroscopy (EIS) using the Autolab Potentiostat.
Results and discussion
The mechanism of formation of sodium titanate from a TiO 2 sol and NaOH solution by hydrothermal process is fairly obvious. The TiO 2 , being an amphoteric oxide, involves in chemical reaction as an acid or base depending on the pH of the solution [37] . The TiO 2 sol formed during refluxing the hydrolyzed TTIP reacts with NaOH as an acid to form disordered sodium titanate which grows in hydrothermal conditions into crystals. Thermogravimetric results of the hydrothermal product showed a single step weight loss of ∼20% (see Supporting information, S1) at ≤200 • C. This weight loss is assigned to the liberation of adsorbed moisture. Chemical analysis of the sample revealed the following composition: Ti ∼19.89%, Na ∼7.51%, and O ∼69.28% (see Supporting information, S2). No change in the chemical composition was observed even when the sample was heated until 800 • C from which we infer that the hydrothermal product is layered sodium titanate.
The different magnification of FESEM images for STNF80 ( Fig. 1a and b) and STNF120 ( Fig. 1c ) showed flower-like aggregates morphology; the formation mechanism of which could be understood as follows. The TiO 2 nanoparticles formed during hydrothermal reaction undergo delamination process under the alkaline (NaOH) treatment and produce single layers of TiO 2 nanosheets [38] . High surface-to-volume ratio of these layers makes them unstable leading their edges to curl up for releasing the excess surface energy thereby forming the nanopetals. The nanosheet of each petals branched out from one another creating a floral pattern similar to a marigold or carnation. The micrometer-sized (size ∼2.5 m) nanoflower was assembled by ultrathin nanosheets growing outside from a mutual central zone of each individual spherical particle TiO 2 . This tiny flower-like structure composed of petals whose thickness measured from TEM was ∼20-30 nm. However, the FESEM images show that growth of STNF80C ( Fig. 1b ) into nanoflowers is not fully completed compared to the STNF120C (Fig. 1c ) because of the presence of a larger amount of water molecules in the structure at lower temperatures (<100 • C). During the hydrothermal reaction, the Na + cations residing between the edge-shared TiO 6 octahedral layers could be replaced gradually by water molecules. The size of the water molecules is larger than that of the Na + ions; therefore, interlayer spacing is expected to be larger at lower temperatures and the static interaction between neighbouring TiO 6 octahedral is weakened [32, 39] . The STNF80C have more water molecules at 80 • C in addition to an incomplete interlayer structure; and therefore, an imperfect nanoflower shape was observed. Increasing the calcination temperature to 120 • C optimized the nanoflower morphology. For Na-free TiO 2 sample (Fig. 1d ), the nanoflower structure is slightly modified compared to its Na counterpart. Excessive washing of the STNF samples with water removed the Na + ions thereby modifying the morphology even after calcination at 500 • C [39] . The placement of Na + ions is important in pinning adjacent layers of nanosheet on the bulk TiO 2 nanoparticles thereby stabilizing the layered structure [29] .
Although size of individual flower is rather large (∼2.5 m), the fraction of surface of the sodium titanate nanoflowers is appreciable compared to their volume. The BET specific surface area of the flowers measured from the adsorption studies was ∼35 m 2 g −1 with a pore size of ∼22 nm and specific pore volume of ∼210 mm 3 g −1 .
The size and morphology of the STNFs are expected to be tunable by varying the synthesis conditions, efforts for which are currently underway. Fig. 2 shows the XRD pattern of the hydrothermal product as well as that heated at elevated temperatures. All the diffraction peaks of the as-prepared hydrothermal product can be indexed to the orthorhombic Na 2 Ti 2 O 4 (OH) 2 phase based on the previous reports [39, 40] . The peaks were clearly resolved when the STNF was heated up to 120 • C. The peaks at 2Â = 9.06 • , 14. 62 3) planes of the orthorhombic Na 2 Ti 2 O 4 (OH) 2 phase. The XRD patterns suggest that the Na 2 Ti 2 O 4 (OH) 2 synthesized in the present study is a-axis oriented with lattice parameters a = 18.5Å; b = 3.1978Å; and c = 2.9899Å, which are in agreement with the reported values. The interlayer spacing of the titanate with layered structure is related to the low angle diffraction peak (2Â ∼ 9.06 • ) in the XRD patterns; which for the Na 2 Ti 2 O 4 (OH) 2 is calculated to be 0.975 nm. The calcined STNFs retained the layered structure. However, the interlayer spacing is lowered slightly with increase in the hydrothermal temperature, which is probably due to evaporation of crystallized water. The lattice spacing 0.23 nm and 0.35 nm determined by TEM are consistent with that obtained from XRD measurements (peaks at 2Â = 24.6 • and 38.0 • corresponding to d values of 0.36 and 0.23 nm, respectively). Due to the layered structure, the alkali metal ions are exchangeable with H + ions, other metal ions or organic cations [41] . As can be seen for Na-free TiO 2 sample, the diffraction peak at 2Â = 9.0 • and 29.4 • disappeared due to the exchanging of Na + ions with H + ions. On the other hand, the peaks at 2Â ∼ 24.6 • and 47.7 • survived the washing condition unlike the peaks at 9.0 • and 29.4 • . These observations indicate that hydrogen ions could not insert into the vacancies of sodium ions; therefore, the structure was stabilized into anatase crystal structure. Fig. 3 shows the results of high resolution TEM (HRTEM) studies. Table 1 compares the lattice spacing determined from XRD and HRTEM images. Lattice spacing of all the six planes observed in the HRTEM images closely match with that observed in the XRD patterns. The HRTEM image in Fig. 3a shows an extended periodicity, the lattice spacing of which was found to be 0.98 nm corresponding to the (2 0 0) interlayer plane. The other five planes are shown in Fig. 3b-d , the insets of which show bright field image of a typical nanosheet, fast Fourier transform (FFT), and selected area electron Fig. 3c reveals an orthorhombic unit cell consistent with the structure assigned the Na 2 Ti 2 O 4 (OH) 2 using XRD patterns. The HRTEM images and the corresponding SAED pattern show that the STNFs are polycrystalline with many crystallites of varying size and orientation. The HRTEM images display changing of lattice spacing along the same array of atoms revealing lattice strains, which are shown to have beneficial influence in their electronic properties. As a typical example, Fig. 3b shows variation in the spacing of the (2 0 1) plane, which varies from 0.55 nm to 0.65 within the same grain. Therefore, lattice strain in the present case originated from the flower-like morphology with anisotropic surface profile along similar petals or sheets. The close similarity in the structural details unravelled by the XRD and HRTEM leads us to conclude that the Na 2 Ti 2 O 4 (OH) 2 synthesized in this work is single phase and has a layered orthorhombic crystal structure. Fig. 4a and b shows the CV data of the STNFs and Na-free TiO 2 (anatase) samples in 1 M KOH aqueous solution at room temperature at various scan rates. The use of Na 2 Ti 2 O 4 (OH) 2 as an electrode material for electrochemical supercapacitors in mild solutions is based on two different mechanisms; viz. (i) EDLC and (ii) redox reaction in which cations are inserted and extracted from the electrolyte. The enhancement of C S in STNF is predominantly resulted from the redox process in which the initial process is the reduction of Na 2 Ti 2 O 4 (OH) 2 to Na 2 Ti 2 O 2 (OH) 2 (OC) 2 , where C is the metal cation (e.g., Li + , Na + , K + ). The initial reduction process involve the incorporation of proton/cation and electrons in the Na 2 Ti 2 O 4 (OH) 2 lattice. Only thin a layer of the electrode is involved in this reaction; and therefore, this homogeneous process occurs reversibly without any phase changes. The initial reduction reaction is generally described as [42, 43] ;
where M is the metal element. When ı = 2, the STNF initial reduction could be represented as
The CV curves showed corresponding peak potentials at 0.15 V and 0.55 V at a scan rate of 100 mV s −1 , which come from oxidation and reduction reaction of STNF thereby indicating the energy storage under pseudo-capacitance mode. The redox reaction at the thin surface of the reduced STNF electrode involving the insertion and extraction of cations could be represented as, 
During charging, oxidation takes place thereby changing the oxidation state of Ti from +3 to +4. The reversible reactions which lead to reduction of STNF occur during discharging. The observed simultaneous occurrence of these two storage modes, i.e., pseudo-capacitance and electrical double layer, results from its peculiar layered structure. The interlayer distance of the Na 2 Ti 2 O 4 (OH) 2 with layered structure is mainly related to the low angle diffraction peak (2Â ∼ 9.06 • ) as shown in XRD patterns. Sodium atom is coordinated with water molecules trapped within interlayer space after hydrothermal synthesis which could sustain the stability of layered structure [44] . According to the TEM and XRD analyses, the hydrated layered Na 2 Ti 2 O 4 (OH) 2 undergoes a slow reconstruction to form a layered material. Such phase transition process is so slow because water molecules could easily be re-adsorbed into some loose interlayer that remained at lower calcination temperatures [29] . These re-adsorbed water molecules could accelerate cations diffusion thereby increasing the specific capacitance. The C S (F g −1 ) of the samples was estimated from the CV curves according to the following equation:
where E 1 and E 2 are the cutoff potentials in the CV curves and i(E) is the current at each potential such that
voltammetric charge; m is the mass of the active material, and v is the scan rate. To isolate the supercapacitive performance of the Na 2 Ti 2 O 4 (OH) 2 material, a careful electrochemical characterization of the material and a series of control experiments were performed. The background capacitance of Ni foam is evaluated from the area under the CV curve. The area of the CV curve without using the Na 2 Ti 2 O 4 (OH) 2 was ∼0.00013 cm 2 , which is only 0.02% of the total area in the presence of it (see Supporting information, S3), thereby suggesting that contribution from the Ni foam is negligible in our experiment. Fig. 5 shows the variation of C S as a function of scan rate determined from the CV data. The C S increased exponentially as the scan rate decreased, typically observed in similar studies [45, 46] . Highest C S observed for the Na 2 Ti 2 O 4 (OH) 2 nanoflowers was ∼300 F g −1 at a scan rate of 5 mV s −1 ; which to the best of our knowledge is the highest so far achieved for an alkali titanate. As mentioned earlier, the layered structure that facilitated storage employing two modes are responsible for the observed high C S . To ensure that the enhanced C S is originated from the layered structure, we undertook similar measurements on the Na-free TiO 2 samples having similar flower morphology. The C S of Na-free TiO 2 nanoflowers was ∼60 F g −1 , i.e., lower by a factor of six compared with that of the STNF samples under similar testing conditions. The tiny flower-like structure is likely be one of the alternative ways for improving the performance of energy storage devices. As the more layers involve in the reaction, the greater the surface area and capacity to hold on the energy -a feature that is thought to be useful in energy storage devices as well as solar cells. The supercapacitive performances of the STNF samples were evaluated from the galvanostatic charge-discharge curves in the potential range of 0-0.5 V at different current densities under 1 M KOH electrolyte (Fig. 6a ). The C S could be calculated from a charge-discharge analysis using the relation:
where I, t, m and V are applied current, discharge time, active mass, and open potential, respectively. Fig 6a shows that the redox capacitance of flower-like Na 2 Ti 2 O 4 (OH) 2 at different current densities of 1, 3, 5, 7 and 10 A g −1 were 315, 258, 222, 188 and 136 F g −1 , respectively. Obviously, a higher capacitance could be obtained at a lower galvanostatic current condition during a charge-discharge process. The shape of the charge-discharge curves is independent of current density applied thereby indicating that the Na 2 Ti 2 O 4 (OH) 2 developed here is suited for its application as an electrode material in supercapacitors. As noted from the CV measurements, the observed C S has contributions from Faradaic (pseudo) and non-Faradaic (EDLC) process. Relative contribution of these two storage modes was determined from galvanostatic discharge curves. Fig. 6b shows a typical discharge curve categorized into two zones corresponding to pseudo (Zone 1) and EDLC (Zone 2) modes. The contribution of C S from the Zones 1 and 2 was calculated according to Eq. (5) to be 46 and 54%, respectively. i.e., relatively larger contribution was observed from the non-Faradaic process. In the case of Na 2 Ti 2 O 4 (OH) 2 with layered structure, the contribution of C S in Zone 2 is the sum of EDLC and intercalation capacitance resulting from the layered structure i.e., the layered structure in the material provides more available active sites for charge storage.
The contribution of C S from the Ni foam substrate was also studied in 1 M KOH from the discharge curves without using the Na 2 Ti 2 O 4 (OH) 2 electrode (see Supplementary information, S4). The discharge time was 0.36 s using only Ni foam whereas it was 36 s in the presence of the electrode material; thereby demonstrating the negligible capacitive contribution from the Ni foam.
Stability of electrochemical cycling in the Na 2 Ti 2 O 4 (OH) 2 electrode was studied up to 1000 cycles. Fig. 7 shows the variation of C S as a function of cycle of operation. Two stages of capacitance degradation were observed, viz. ∼10% capacitance loss during the initial 200 cycles and a slower degradation of ∼5% until 1000 cycles.
Fast initial capacitance loss is expected to be contributed from the component from the intercalation. The device was physically stable; no leeching of active material was observed during the cycling tests.
Electrochemical impedance spectroscopy (EIS) measurements were carried out to determine the charge kinetic properties of the device associated with the above supercapacitive parameters. Fig. 8a shows the Nyquist plot of the device in the frequency range of 10,000-0.01 Hz recorded at an applied potential of 0.01 V. This impedance plot is characterized by two distinct parts, a semicircle at high-frequency and a linear line at low-frequency. Inset picture shows a clear semicircle at a high frequency region and a straight line at low frequency region. This semicircle is related to the electrical resistance within the electrode materials and its diameter is related to the charge transfer resistance, denoted as R ct . The estimated R ct value of the Na 2 Ti 2 O 4 (OH) 2 is ∼0.2 . The equivalent series resistance (ESR) of the Na 2 Ti 2 O 4 (OH) 2 electrode in an open circuit condition can be evaluated by determining the intersecting point of the curve at the real axis in the range of high frequency. In this analysis, the ESR of Na 2 Ti 2 O 4 (OH) 2 nanoflower is approximated to be ∼0.6 . This resistance is also known as bulk solution resistance (R ) and it is composed of three sections; the ionic resistance of electrolyte, the intrinsic resistance of the electro active material, and the contact resistance between the active material and the current collector. This bulk solution resistance is large with the three electrode system configuration used and would be lower for a two electrode setup with a thin electrolyte layer [47] . The relatively small ESR is expected due to the network structure facilitating the efficient access of electrolyte ions to the Na 2 Ti 2 O 4 (OH) 2 surface and shortening the ion diffusion, consequently enhanced the electrochemical properties of the devices. The straight line portion in the medium region of the Nyquist plot is the Warburg resistance resulting from the frequency dependence of ion diffusion/transport in the electrolyte [48] . The larger Warburg resistance indicates greater variations in ion diffusion path lengths and increases obstruction of ion movement. However, Warburg curve is shorter in this study than other reported supercapacitor electrodes [49] , which is an indication that the Na 2 Ti 2 O 4 (OH) 2 electrode has short ion diffusion may be due to the existence of hydrated layered structure assist the ion diffusion process to the surface of the electrode.
Evolution of the real and imaginary parts (C and C ) of the electrochemical capacitance obtained from electrochemical impedance spectroscopy ( Fig. 8b) was plotted according to following equations:
where C represents the real part of the cell capacitance and C the imaginary part related to the losses in the charge storage process leading to an energy dissipation. Z (ω) and Z (ω) are the respective real and imaginary parts of the complex impedance Z(ω). ω is the angular frequency and it is given by ω = 2 f. Relaxation time constant, 0 (=1/f 0 ) can be defined as minimum time needed to discharge all of the energy from the sample with an efficiency of greater than 50%, where f 0 is the maxima frequency of the peak [50] . It also can be used determine the electrochemical capacitance retention ability and show the limit between the resistive and the capacitive behaviours [49, 51, 52] . The relaxation time constant obtained from the peak frequency of C (ω) vs. frequency is 1.4 s. This value is comparable with other transition metal oxide electrode of supercapacitor such as RuO 2 ·nH 2 O ( 0 = 1.98 s) [53] . The lower relaxation time constant means that the supercapacitors are able to deliver higher power and reflects a higher percentage of useful capacitive energy [54, 55] .
Conclusions
Sodium titanate hydrate [Na 2 Ti 2 O 4 (OH) 2 ] nanoflowers are synthesized via hydrothermal method without using any templates and characterized. The Na 2 Ti 2 O 4 (OH) 2 crystallized in orthorhombic phase with an interlayer spacing of 0.975 nm. The Na 2 Ti 2 O 4 (OH) 2 had a flower-like morphology with size ∼2.5 m and are formed by growth of ultrathin nanosheets of size ∼20-30 nm from a central zone. Anatase (TiO 2 ) flowers of similar morphological features are also developed from the Na 2 Ti 2 O 4 (OH) 2 . The capacitive behaviour of the materials was studied by cyclic voltammetry and galvanostatic cycling. Experiments show that the layered titanate has sixfold higher specific capacitance than the anatase of similar morphology. In the layered titanate, the observed high specific capacitance originated from a combination of electric double layer on account of the interlayer and pseudocapacitance. It is expected that the presence of re-adsorbed water molecules within some loose interlayer plays an important role in assisting the diffusion process of cations as confirmed by the shorter Warburg curve in EIS analysis, consequently giving higher specific capacitance. The knowledge acquired in this study is useful for developing new layered alkali titanates for electrochemical supercapacitors.
